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157] ABSTRACT

A solid-state 1imaging device of the invention is pro-
vided with a CCD-structured branching unit which
selects one signal charge sensor having characteristics
suitable for the conditions of use from among a plurality
of signal charge sensors each having different charac-
teristics and forms a signal charge transmission path
leading from the horizontal CCD to the selected signal

charge sensor. As a result, there is no need to switch
over the external circuit of the solid-state imaging de-
vice according to the conditions of use, which makes it

possible to hold down the cost and reduce the size of the
external size.

4 Claims, 3 Drawing Sheets
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SOLID-STATE IMAGING DEVICE HAVING
MULTIPLE CHARGE DETECTORS

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a solid-state imaging
device that utilizes charge-coupled devices (CCDs) that
i1s used as an area sensor, a line sensor, or the like.

2. Description of the Prior Art

Signal charge sensing methods employed for a signal
charge sensor that forms the output part of a sohd-state
imaging device constructed from CCDs include, for
example, a current output method, a floating-diffusion
amplifier method, and a floating-gate amplifier method.
The characteristics such as the sensitivity and dynamic
range differ among these signal charge sensing methods,
each method having its own advantages and disadvan-
tages. Even in the case of signal charge sensors employ-
ing the same sensing method, the characteristics such as
the sensitivity and dynamic range vary from one type of
sensor to another depending on how the sensors are
configured.

FIG. 3 1s a diagram showing the structure of a signal
charge sensor, with its adjacent circuitry of a solid-state
‘imaging device in which a floatingdiffusion amplifier 1s
used for signal charge sensing. A p-type substrate 31
and an n+t layer 32 form a floating-diffusion diode FD,
while an n+ layer 33 forms a reset drain RD. A line RS
indicates a reset gate. The floating-diffusion diode FD is
connected to the gate of an amplifier transistor TR31 by
a connecting line 34. The floating-diffusion diode FD,
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the connecting line 34, the transistor TR31, the reset

drain RD, and the reset gate RS constitute the signal
charge sensor.

The floating-diffusion diode FD senses the signal
charge reaching the final stage (end portion) of a hori-
zontal CCD formed below an output electrode OG and
produces an output voltage V,,, to deliver to the con-
necting hne 34. The floating-diffusion diode FD has a
floating capacitance C1 between the n+ layer 32 and
the output electrode OG, a floating capacitance C2
between the n+ layer 32 and the reset gate RS, and a
capacitance Cd between the n+ layer 32 and the p-type
substrate 31. The line 34 has a floating capacitance Cg.
Therefore, when the values of the floating capacitances
C1, C2, and Cg are denoted as cl, c2, and cg, respec-
tively, and the value of the capacitance Cd as cd, the
capacitance cfd of a capacitor CFD formed in the signal
charge sensor having the floating-diffusion diode FD
and the connecting line 34 can be given by

cfd=cl+c2+4cg+cd Equation (1)
On the other hand, the output voltage Vg, of the
signal charge sensor can be given by

Vour=Usig/cfd Equation (2)

where Qg 1s the amount of signal charge sensed by
the signal charge sensor.

Therefore, when the capacitance cfd of the capacitor
CFD 1n the signal charge sensor is made variable, the
output voltage V,, of the signal charge sensor can be
made variable. For example, when a vanable capaci-
tance diode 1s connected in parallel to the signal charge
sensor, the signal charge sensor can be made to provide
a variable output voltage. In this case, however, the
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capacitance of the signal charge sensor increases by the
variable capacitance diode connected in parallel to 1t,
and hence, the output voltage of the signal charge sen-
sOr decreases.

Generally, solid-state imaging devices utilizing CCDs
are provided with only one signal charge sensor that
forms the output part thereof. Therefore, when it is
desired to use the aforementioned solidstate imaging
device in a darker place than usual, the external circuit
provided external to the solid-state imaging device for
amplifying the output signal of the signal charge sensor
has to be switched over to another external circuit hav-
ing a higher gain. Thus, the solid-state imaging device
having only one signal charge sensor has the disadvan-
tage in that the cost and size of the external circuit
Increase.

To overcome the above disadvantage, it has been
known to provide a solid-state imaging device as shown
in FIG. 2. The solid-state imaging device shown com-
prises vertical CCDs 21 arranged in rows and a horizon-
tal CCD 22 connected to the vertical CCDs 21. To the
final stage of the horizontal CCD 22 are connected
three signal charge sensors 23, 25, and 26, arranged
parallel to each other and having different sensitivities,
dynamic ranges, etc. With this arrangement, one of the
three signal charge sensors 23, 25, and 26 is selected that
can provide the most suitable characteristics according
to the conditions of use of the solid-state imaging de-
vice. As a result, there is no need to switch over the
external circuit according to the conditions of use of the
solid-state imaging device, which makes 1t possible to
hold down the cost and reduce the size of the external
circuit.

However, in the above prior art solid-state imaging
device, since the final stage of the horizontal CCD 22 is
connected to the three signal charge sensors 23, 25, and
26, arranged parallel to each other, the result 1s that the
combined capacitances of the signal charge sensors 23,
25, and 26 are connected to the final stage of the hori-
zontal CCD 22. This means that a greater capacitance is
connected to the final stage of the hornizontal CCD 22
than when only one signal charge sensor i1s connected.
The resulting problem is that the output voltage that
each of the signal charge sensors 23, 25, and 26 pro-
duces in response to the signal charge from the horizon-
tal CCD 22 drops because of the large capacitance,
which can render the solid state imaging device unser-
viceable.

SUMMARY OF THE INVENTION

The solid-state imaging device of this invention,
which overcomes the above-discussed and numerous
other disadvantages and deficiencies of the prior art,
comprises: photoelectric converting means for receiv-
ing light and converting said light to signal charges;
charge transfer means for receiving said signal charges
and transferring said signal charges to an end portion of
said charge transfer means; a plurality of signal charge
sensors having different characteristics, said signal
charge sensors sensing said signal charges which are
transferred to said end portion of said charge transfer
means; and a CCD-structured branching unit for select-
ing one signal charge sensor having characteristics suit-
able for the conditions of use from among said plurality
of signal charge sensors and forming a signal charge
transmission path leading from said end portion of said

charge transfer means to said selected signal charge
Sensor.
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In a preferred embodiment, said charge transfer
means comprises vertical charge coupled devices ar-
ranged in rows and a horizontal charge coupled device
connected to said vertical charge coupled devices, and
said end portion of said charge transfer means 1s an end
portion of said horizontal charge coupled device.

According to the above configuration, the CCD-
structured branching unit is provided to select one sig-
nal charge sensor having characteristics suitable for the
conditions of use from among the plurality of signal
charge sensors each having different characteristics and
to form a signal charge transmission path leading from
the horizontal CCD to the selected signal charge sen-
sor. As a result, there is no need to switch over the
external circuit of the solid-stage imaging device ac-
cording to the conditions of use, which makes it possi-
ble to hold down the cost and reduce the size of the
external circuit. Furthermore, since the formation of the
transmission path serves to connect only the selected
signal charge sensor to the final stage of the horizontal
CCD, the result is that only the capacitance of the se-
lected signal charge sensor is connected to the final
stage of the horizontal CCD. Accordingly, unlike the
prior art example in which a plurality of signal charge
sensors, arranged in parallel to each other, are con-
nected to the final stage of the horizontal CCD, the
capacitance connected to the final stage of the horizon-
tal CCD can be prevented from increasing when com-
pared with the configuration having only one signal
charge sensor. Therefore, the provision of the plurality
of signal charge sensors does not contribute to decreas-
ing the output voltage of each of the signal charge sen-
SOTS.

Thus, the invention described herein makes possible
the objective of providing a solid-state imaging device
that is provided with a plurality of signal charge sensors
having different characteristics and that can select one
signal charge sensor having characteristics suitable for
the conditions of use, while preventing the output volt-
age of the selected signal charge sensor from dropping
because of the provision of the plurality of signal charge
Sensors.

BRIEF DESCRIPTION OF THE DRAWINGS

This invention may be better understood and its nu-
merous objects and advantages will become apparent to
those skilled in the art by reference to the accompany-
ing drawings as follows:

FIG. 1 is a block diagram showing a CCD-structured
branching unit in a solid-state imaging device according
to the present invention;

FIG. 2 is a schematic diagram showing a prior art
solid-state imaging device which comprises three signal
charge sensors arranged parallel to each other and hav-
ing different sensitivities, dynamic ranges, etc;

FIG. 3 is a diagram showing the structure of a signal
charge sensor, with its adjacent circuitry, of a solid-
state imaging device in which a floatingdiffusion ampli-
fier is used for signal charge sensing; and

FIG. 4 shows another CCD-structured branching
unit in a solid-state imaging device according to the
imnvention.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

The solid-state imaging device of the present inven-
tion will now be described in detail by way of example
with reference to the accompanying drawings. FIG. 11s
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a block diagram showing signal charge sensors, with
their adjacent circuitry, of the solid-state imaging de-
vice according to the present invention. As shown In
FIG. 1, the solid-state imaging device of this embodi-
ment has a CCD-structured branching unit 2 adjacent to
the final stage (end portion) of a horizontal CCD 1. The
horizontal CCD 1 receives signal charges generated by
photodiodes which are arranged in an array of rows and
columns through vertical CCDs (not shown in FIG. 1).
The horizontal CCD 1 transfers the signal charges to
the end portion of the horizontal CCD 1 according to
potential levels of pulse signals ¢1 and ¢$2 which are
applied on gate electrodes of the horizontal CCD 1.
The CCD-structured branching unit 2 is configured
so as to form a signal charge transmission path leading
from the final stage (end portion) of the horizontal CCD
1 to one signal charge sensor selected from among the
three signal charge sensors 4, 5, and 6 by applying pulse
signals ¢a, éb, ¢c, ¢1, and $2 to transfer electrodes 3,
3, . .. of the branching unit 2. The signal charge trans-
mission path is formed as a CCD channel under the
transfer electrodes 3. The signal charges are transferred

‘through the signal charge transmission path (CCD

channel) according to the surface potential variation of
a semiconductor chip. This surface potential variation 1s
caused by applying the pulse signals da, ¢b, ¢c, ¢1, and
&2 to the transfer electrodes 3. .

The three signal charge sensors 4, §, and 6 each have
the function of sensing the signal charge reaching the
final stage of the horizontal CCD 1. Also, the three
signal charge sensors 4, 5, and 6 have respectively dif-
ferent sensitivities and dynamic ranges. The three signal
charge sensors 4, 5, and 6 are connected to an external
circuit via transistors TR14, TR1S, and TR16, respec-
tively. The transistors TR14, TR1S, and TR16 are made
to conduct when respective gate voltages ¢14, $15, and
$16 are applied.

The solid-state imaging device is configured so that,
when the pulse signals da, ¢b, ¢c, ¢1, and &2 are ap-
plied to the transfer electrodes 3, 3, . . . of the CCD-
structured branching unit 2, one signal charge sensor
that suits the conditions of use is selected from among
the three signal charge sensors 4, 5, and 6 each having
different characteristics, and a signal charge transmis-
sion path is formed leading from the final stage of the
horizontal CCD 1 to the signal charge sensor selected as
suitable for the conditions of use. Therefore, there is no
need to switch over the external circuit according to the
conditions of use, which makes it possible to hold down
the cost and reduce the size of the external circuit.

Furthermore, since the formation of the transmission
path serves to connect only one signal charge sensor,
selected as suitable for the conditions of use, to the final
stage of the horizontal CCD 1, the result is that only the
capacitance of the signal charge sensor selected as suit-
able for the conditions of use is connected to the final
stage of the horizontal CCD 1. Thus, according to this
embodiment, unlike the prior art example in which
three signal charge sensors, arranged in parallel to each
other, are connected to the final stage of the horizontal
CCD, the capactiance connected to the final stage of
the horizontal CCD 1 can be prevented from increasing
when compared with the configuration having only one
signal charge sensor. Therefore, the output voltages of
the signal charge sensors 4, 5, and 6 can be prevented
from dropping because of the provision of the three
signal charge sensors 4, §, and 6.
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FIG. 4 shows another CCD-structured branching
unit in a solid-state imaging device of the invention. The
- CCD-structured branching unit 1s formed by two-bran-
ches-sections B1, B2 and B3, as shown in FIG. 4. At the
two-branches-section B1, any one of two branches of
the two-branches-section Bl is selected based on the
potential of the pulse signal ¢a. At the two-branches-

sections B2 and B3, any one of two branches of each of
the two-branches-sections B2 and B3 is selected based
on the potential of the pulse signal ¢b. The CCD-struc-
tured branching unit is so configured that, when the
pulse signals ¢a, db, ¢1, and ¢2 are applied to the trans-
fer electrodes (not shown in FIG. 4) of the CCD-struc-
tured branching unit, one signal charge sensor that suits
the conditions of use 1s selected from among four signal
charge sensors 21, 22, 23 and 24 each having different
characteristics, and a signal charge transmission path is
formed leading from the final stage of the horizontal
CCD to the signal charge sensor selected as suitable for
the conditions of use. In the CCD-structured branching
unit, when the pulse signals ¢a and ¢b are High, the
signal charge sensor 21 is selected. When the pulse
signals ¢a and éb are Low, the signal charge sensor 24
1s selected. The relationship between the potential lev-
els (High or Low) of the pulse signals ¢a and ¢éb and the
selected one of the signal charge sensors 21, 22, 23 and
24 1s shown in Table 1.

TABLE 1
- op
‘High Low
bg High Signal charge Signal charge
sensor 21 sensor 22
Low Signal charge Signal charge
sensor 23 sensor 24

As seen from the above, according to the CCD-struc-
tured branching unit as shown in FIG. 4, the application
of the pulse signal ¢c¢ to the transfer electrodes is not
needed in order to select one among the four signal
charge sensors 21, 22, 23 and 24. In the embodiment of
the invention, the pulse signal ¢a is made by adding a
gate voltage $21 to a gate voltage $22, and the pulse
signal ¢b 1s made by adding a gate voltage $23 to a gate
voltage $24.

As is apparent form the above description, since the
sohd-state imaging device of the invention i1s provided
with a CCD-structured branching unit, it i1s possible to
select one signal charge sensor having characteristics
suitable for the conditions of use from among a plurality
of signal charge sensors having different characteristics
and to form a signal charge transmission path leading
from the horizontal CCD to the selected signal charge
sensor. As a result, there is no need to switch over the
external circuit of the solid-state imaging device ac-
cording to the conditions of use, which makes it possi-
ble to hold down the cost and reduce the size of the
external size.

Furthermore, since the formation of the transmission
path serves to connect only the selected signal charge
sensor to the final stage of the horizontal CCD, the
result is that only the capacitance of the selected signa!l
charge sensor i1s connected to the final stage of the hori-
zontal CCD. Thus, according to the present invention,
unlike the prior art example in which a plurality of
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signal charge sensors, arranged in parallel to each other,
are connected to the final stage of the horizontal CCD,
the capacitance connected to the final stage of the hori-
zontal CCD can be prevented from increasing when
compared with the configuration having only one signal
charge sensor. Therefore, according to the present in-
vention, the output voltage of each of the signal charge
sensors can be prevented from dropping because of the
provision of the plurality of signal charge sensors.

It 1s understood that various other modifications will
be apparent to and can be readily made by those skilled
in the art without departing from the scope and spirit of
this invention. Accordingly, it is not intended that the
scope of the claims appended hereto be limited to the
description as set forth herein, but rather that the claims
be construed as encompassing all the features of patent-
able novelty that reside in the present invention, includ-
ing all features that would be treated as eguivalents
thereof by those skilied in the art to which this inven-
tion pertains.

What 1s claimed is:

1. A solid-state imaging device comprising:

photoelectric converting means for receiving light

and converting said light to signal charges;
charge transfer means for receiving said signal

charges and transferring said signal charges to an
end portion of said charge transfer means; a plural-
ity of signal charge sensors each having different
charactenistics, said signal charge sensors sensing
said signal charges which are transferred to said
end portion of said charge transfer means; and

a CCD-structured branching unit for selecting one

signal charge sensor having characteristics suitable
for the conditions of use from among said plurality
of signal charge sensors and forming a signal
charge transmission path leading from said end
portion of said charge transfer means to said se-
lected signal charge sensor.

2. A solid-state imaging device according to claim 1,
wherein said charge transfer means comprises vertical
charge-coupled devices arranged in rows and a hori-
zontal charge-coupled device connected to said vertical
charge-coupled devices, and said end portion of said
charge transfer means is an end portion of said horizon-
tal charge-coupled device.

3. The solid state imaging device of claim 1 wherein
the CCD-structured branching unit has a plurality of
transfer electrodes, and the device has means for apply-
ing pulse signals to the electrodes to form a single
charge transmission path leading from the end portion
of the charge transfer means to a selected one of the
signal charge sensors.

4. The solid state imaging device of claim 1 wherein
the CCD-structure branching unit has a first stage con-
taining one two-branch section for providing two alter-
native paths and a second stage containing two two-
branch sections, each providing two alternative paths,
such that each path from the first stage has two alterna-
tive paths from the second stage, and the device has
means for applying pulse signals to each of the two-
branch sections to select a single charge transmission
path leading from the end portion of the charge transfer

means to a selected one of the signal charge sensors.
* X X * %k
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